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Introduction

This documentdescribesthegeometryusedby theADC tableat APSSector17 andexplainsthevariable
definitionsusedby MX to describethis table.TheADC tableis a fairly normaldiffractometertabledesign
with six motorslocatedat threepivot points.Two of thesepivot pointsform aline thatis approximatelypar-
allel to thepathof theX-ray beam.Thesearecalledtheupstream outboard pivot point andthedownstream
outboard pivot point. Thethird pivot point is calledthe inboard pivot point. Figure1 shows thegeometry.

Thelocationsof thesix motorsareindicatedby bold facearrows thatpoint in thepositive directionfor
eachmotor. Theupstreamoutboardpivot point hasthreemotorsnamedX1, Y1, andZ1. Thedownstream
outboardpivot point hastwo motorsnamedY2 andZ2 anda slide to allow x to move freely. Finally, the
inboardpivot point hasonemotor namedZ3 and two slidesto allow x and y to move freely. The zero
positionfor thetableis shown astable zero in Figure1 andis locatedat thepointwheretheline connecting
theZ1 motorto theZ2 motorintersectstheperpendiculardroppedfrom thepositionof theZ3 motor.

Geometry Calculations

Thegoalof thegeometrycalculationsbelow is to allow thepositionof thecenterof rotationin six dimen-
sions( � , � , � , �����	�
� , ����
 ����� , and ������� ) to bespecifiedin termsof thepositionsof themotorsX1, Y1, Y2, Z1,
Z2, andZ3. It is expectedthatthetablewill berotatedin roll, pitch,andyaw by fairly smallanglesrelative
to thenominalzerosof roll, pitch,andyaw. For thatreason,wewill usethesmallangleapproximation��������� �!�#"�$%�&� (1)

in thecalculationsbelow. Pleasenotethatonly the relative positionof the rotationcenteris important,so
we maydiscardextraneousconstantfactorsin thecalculationsto come.

Thepositionof therotationcenteris expressedin termsof six parametersthatdescribethedetailsof the
tablegeometry. Therelative distancesseparatingthemotorsareexpressedusingthreeparameters')( , '+* ,
and '+, . Eachof theseparametersis thedistancebetweenthecorrespondingpivot point andthe table zero
position.Threeotherparameterscalled -/. , -/0 , and -�1 expressthepositionof therotationcenterrelative to
whatwe arecalling thetablezeroposition.They aredefinedsuchthat -/. is positive if it is upstreamof the
tablezero, - 0 is positive if it is inboardof thetablezero,and - 1 is positive if it is above thetablezero.

X Position

Calculatingthe positionof the rotationcenterin the x direction is trivial sinceX1 is the only motor that
movesin thisdirection.Thus,we have theresult 2 �43#� ( (2)
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Figure1: A perspective view of theADC table.

Y Position

Calculatingthey positionis only a little bit morecomplicatedthancalculatingthex positionsinceonly the
motionof thetwo motorsY1 andY2 in aplaneneedbeconsidered.Their positionsprojectedinto theX, Y
planeareshown in Figure2.

By useof similar triangles,we seethat2 �ihj�k*' *ml - . 3 �P(mhn�k*' (ol ' * (3)

which rearrangedbecomes 2 � 3 �k* l p '+* l -/.')( l '+*\q�r �P(7hj�k*/s (4)

or finally 2 � 3 p '+* l -/.')( l '+*tq �P( l p ')(7hj-/.')( l '+*\q �k* (5)

Z Position

Calculatingthechangein the � positionis significantlymorecomplicatedsinceit dependson threemotors
(Z1, Z2, andZ3) which move alongtracksthatarenot all in thesameplane.For this calculation,we start
with thedifferentialexpression 2 � 3vu �u �%( 2 �%( l u �u ��* 2 ��* l u �u ��, 2 ��, (6)
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Figure2: Motion of � asa functionof �P( and �k* .
Usingthis expression,we cancomputethechangein heightof therotationcenterdueto eachmotorsepa-
ratelyandthenaddup thetermsafterward. Figure3 shows thegeometrywe shallusefrom directly above
thetable.

Z3

Theeasiesttermto calculateis thetermdueto Z3. By similar triangles,wefind thattherotationcenterrises
by anamount

2 -�1 givenby theexpression 2 - 1-/0 3 2 � ,'+, (7)

Rearranged,we gettheresult u -�1u ��, 3 -�0'+, (8)

Z1

For Z1, sinceonly Z1 is moving, thetablerotateson theaxisspecifiedby theline from Z2 to Z3. Thus,by
similar triangles 2 -�1� * 3 2 �k(')( l '+* (9)

so u -�1u �%( 3 � *')( l '+* (10)� * maybefoundusingtrigonometryas"�$%���o* 3 -/0' *ml - . h � * 3 '+,' * (11)

or '+* l -/.�h � * 3 p '+*'+,\q -/0 (12)
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Figure3: A view of thetablefrom directly above.
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whichbecomes � * 3 ' *ml - . h p '+*'+, q - 0 (13)

Substitutingbackin Equation10,we finally getu -�1u �k( 3 '+* l -/.�h r�����T� s�-/0')( l '+* (14)

Z2

Thecalculationfor Z2 is similar to thatfor Z1. Now thetablerotateson theaxisspecifiedby theline from
Z1 to Z3. Thus,by similar triangles 2 -�1� ( 3 2 ��*' (�l ' * (15)

so u -�1u ��* 3 � (')( l '+* (16)� ( maybefoundusingtrigonometryas"�$%��� ( 3 -/0')(7hj-/.�h � ( 3 '+,')( (17)

or ' ( hj- . h � ( 3 p ')('+,\q - 0 (18)

whichbecomes � ( 3 ')(7hj-�.ch p ')('+,\q -/0 (19)

Substitutingbackin Equation16,we getu - 1u ��* 3 ')(7hj-/.�h r ��¡�T� s�-/0')( l '+* (20)

Z Final Result

PuttingtogetherEquations8, 14,and20,we gettheresult2 -�1 3 p '+* l -/.¢h r � ��T� s�-/0')( l '+* q 2 �k( l p ')(7hj-/.�h r ��¡�T� sQ-/0')( l '+* q 2 ��* l p -/0'+,\q 2 ��, (21)

Yaw

Calculationof theyaw angleis relatively simplesinceit only dependson thepositionsof Y1 andY2. Thus,
by inspectionwe seethat � ���£� 3 �P(7hj�k*')( l '+* (22)

WhenMX changesthe yaw angleusing this equation,it may changethe � positionof the centerof
rotation. To stopthis from happening,the � positionof thecenterof rotationis computedbeforeandafter
thetransformationabove. Then,anappropriate

2 � valueis addedto both �P( and �k* suchthatthe � position
of thecenterno longerchanges.
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Roll

Theroll angledependsonly on therelative heightsof positionsZ3 andZ0 on Figure3. Thus,�����	�
� 3 � , h¤��¥'+, (23)�k¦ , in turn,dependson theheightsof Z1 andZ2, via theequation� ¥ h¤�%(' *ml - . 3 ��*�h¤�%(' (ol ' * (24)

or � ¥ 3 �k( l p ' *7l - .')( l '+*\q r ��*�h¤�%(ds (25)

Similarly to the yaw, a changeof the roll angleusingthis equationmay changethe � positionof the
centerof rotation. To stopthis from happening,the � positionof thecenterof rotationis computedbefore
andafterthetransformationabove. Then,anappropriate

2 � valueis addedto �%( , ��* , and ��, suchthatthe �
positionof thecenterno longerchanges.

Pitch

Thepitch angledependson therelative heightsof Z1 andZ2, soby inspection����
 ����� 3 �%(mh¤��*')( l '+* (26)

Handlinga pitch changeusingtheabove equationis somewhatmorecomplicatedin that it canchange
both the roll angleand � positionof the centerof rotation. Sincea changein roll canalsochangethe �
position,we first compensatefor thechangein roll andthenafterwardcompensatefor thechangein � .
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